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THURSDAY, JANUARY 26, 1899. 


THE PHYSIOLOGY OF MAN AT HIGH 
ALTITUDES. 

Life of Mart on the High Alps. By Angelo Mosso. 
Translated from the Second Edition of the Italian by 
E. Lough Kiesow. Pp. xv + 342. (London : T. Fisher 
Unwin, 1898.) 

The Annals of Mont Blanc. By Charles Edward 
Mathews. Pp. xxiv + 368. (London : T. Fisher 
Unwin, 1898.) 

HE modifications which are produced in the organism 
by residence at great heights differ in many respects 
from those witnessed in laboratory experiments where 
men or animals are subjected to diminished pressures 
in a pneumatic chamber. For this reason the observ¬ 
atories and huts on Mont Blanc and Monte Rosa have 
during the last few years afforded a shelter to several 
physiologists, and the results of a most extensive series 
of researches which were carried out in the Regina 
Margherita hut on Monte Rosa, at a height of 14,592 feet, 
are to be found in the “ Fisiologia dell ’uomo suite Alpi,” 
by Prof. Angelo Mosso of Turin. This volume stands 
alone in scientific Alpine literature. It is the first attempt 
that has been made to present the various complex 
physiological phenomena which man exhibits at high 
altitudes, in such a form as to be easily understood by 
those who are not trained physiologists. Whether this 
attempt has been entirely successful is a matter of some 
doubt. It is a much better book than that of D. Jourdanet, 
on the “ Influence de la pression de l’air sur la vie de 
l’homme,” a huge volume of over 600 pages, which treats 
of the same subject. 

The book is well translated, and it is seen that Prof 
Mosso has carried out his researches with special physio¬ 
logical apparatus, some of which was designed for the 
particular study of man at high altitudes. The book 
contains some excellent tracings, which record the pulse 
and heart-movements. Records of the cerebral pulse 
taken with Marey’s tambour, and of the blood-pressure 
in the limbs obtained with the plethysmograph are also 
given. Using Bianchi’s pbonendoscope, Prof. Mosso ob¬ 
tains some figures which are rather alarming to look at, 
showing that there is a normal physiological dilatation of 
the heart during a mountain ascent; after exercise the 
left side of the organ is enlarged, and in one figure the 
apex is displaced downwards, in the other the displace¬ 
ment is upwards. Many tracings were taken of the 
respiratory movements, and one of the most interesting 
is a record of the onset and culmination of a fainting fit. 
Phasic respiration or Cheyne-Stokes breathing is common 
at great heights, and especially well seen during sleep ; 
complete cessation of movement for as long as twelve 
seconds separated the respiratory phases in the case of 
U. Mosso. The respiratory organs also tend to pause at 
the end of expiration. It is a well-recognised fact that 
the stature diminishes during the day, but a mountain 
ascent may produce such a flattening of the lumbar curve 
that a man may be an inch and a half shorter when he 
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reaches the summit of Monte Rosa than he was in the 
plains. 

Enough has been said to show that this book is of 
great interest, and since it is possible that the great 
authority of Prof. Mosso, who is well known in this 
country as a distinguished physiologist, may cause this 
volume to be regarded as the standard work on the 
physiology of man at great altitudes, it is necessary to 
point out some of the very unexpected facts wdiich are 
stated, and remarkable theories which are advanced by 
Prof. Mosso, although the very discursive way in which 
the whole book is written makes this a matter of some 
difficulty. This volume is really neither a popular nor a 
scientific study of the phenomena of life at high levels. 
It is partly the one and partly the other. It is impossible 
from the information which is given to judge of the cor¬ 
rectness of several of Prof. Mosso’s views ; and with a 
full knowledge of the exceedingly laborious work which 
was carried on for some weeks in the uncomfortable sur¬ 
roundings of an Alpine hut, it is a matter of regret to 
have to say that some of the results carry but little con¬ 
viction to the mind of a physiologist, while those who 
are not in a position to weigh the evidence that is given, 
may make the mistake of imagining that many questions 
of great difficulty and complexity have been finally 
answered. 

At an altitude of 14,800 feet, Prof. Mosso states that 
much more work can be accomplished than at the sea- 
level, and also that there is no increase in the frequency 
of respiratory movement ; indeed, both the frequency 
and amplitude may be diminished, or with a frequency 
exactly like the normal the amplitude may be less. This 
phenomenon is certainly unexpected, and so is the 
remarkable statement that on the summit of Monte 
Rosa the rate of breathing was not always altered 
even by fatiguing muscular work. Mosso has shown 
that on the plains there is a luxus-respiration, the 
organism takes in a quantity of oxygen which is more 
than sufficient for its immediate needs ; at a great height 
the breathing is not augmented, since though less oxygen 
is actually consumed it is enough, but not more than 
enough, for the needs of the organism. It has, however, 
been proved by actual experiments on mountains that 
when a height of only 8900 feet is reached, even at rest 
there is a slight increase in the gas exchanges and 
in the rate of breathing ; while at 14,800 feet there is a 
great increase in both of these, indicating that whatever 
may be the cause there is a marked rise of metabolism 
at a diminished pressure of 425 mm. Prof. Mosso refers 
to these experiments, which were made by the brothers 
Loewy and Leo Zuntz, but they do not, of course, support 
his views on mountain-sickness. On p. 192 mention is 
made of the observations of Benedicenti on combustion 
in rarefied air. Prof. Mosso regards these “ as intimately 
connected with the study of respiration in the Alps be¬ 
cause, since the celebrated experiments of Lavoisier, it 
is a well-known fact that breathing in many respects 
resembles combustion.” This analogy is entirely mis¬ 
leading, for the whole process of respiration, either 
internal or external, is exactly the reverse of combustion. 
The consumption of oxygen by an organism is well 
known to be dependent not on the amount of this gas 
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data far more convincing than those given by Prof. 
Mosso, that there is an alteration in the output of 
carbonic acid at great heights, we should not be justified 
in regarding this as evidence of an alteration in the 
carbonic acid of the blood. To advance one hypothesis 
against another, it is conceivable that since an organism 
with excess of carbonic acid in the blood strives to 
eliminate this by increased frequency of breathing, an 
organism that possesses less of this valuable gas in its 
blood would tend to preserve a constant percentage in 
this liquid by exhaling, first of all, a less amount, and 
perhaps at last hardly any of the gas, in the same way as 
an animal is known to preserve the proteid constituents 
of its body at the expense of the fats and carbohydrates 


which is available, but on the necessities of the animal; 
variations between i2'5 and 60 per cent, of oxygen have 
scarcely any influence on the magnitude of the gas- 
exchanges in respiration. 

Though most of the evidence in this book is not in 
favour of the idea that there is an anoxyhaemic condition 
of the blood at great altitudes, the new theories which 
are advanced can only be accepted when more experi¬ 
mental work has been accomplished. As to the changes 
in the blood on the Alps, on the question whether the 
undoubted increase in number of red corpuscles is real 
or apparent, Prof. Mosso is in accord with many physio¬ 
logists in considering that the cause of the variations 
lies in the climatic conditions, in the more active influence 
of the sun’s rays, in the greater dryness of the air, and 
in the altered mode of life. His own observations on this 
subject, which is one of the greatest interest, are open to 
the objection which may be taken to so many of the facts 
in this book, that the method of conducting the experi¬ 
ments is described, but the description is insufficient to 
enable a fair criticism to be made as to the value of the 
work. His contention that if Suter found an increase of 
6'4 per cent, in the number of red corpuscles at a height 
of 1300 feet, the blood of those on Monte Rosa should 
show an increase of 64 per cent., which he regards as 
absurd, might possibly be found to be the case, since 
Viault’s figures for a lower level showed an increase of 
3,000,000 corpuscles per cubic millimetre of blood. 

The cause of mountain-sickness is maintained by Prof. 
Mosso to be due to an actual diminution in the quantity 
of carbonic acid in the blood, the theory of acapnia , 
which assumes that this gas is the normal exciting agent 
for causing a discharge from the nerve-cells in the 
medulla oblongata. Mountain-sickness is in fact an 
asphyxia that is dependent not upon want of oxygen, 
but on a want of carbonic acid. He affirms that mountain- 
sickness is generally worse at night, and that this is due 
to a diminished production of carbonic acid when a man 
is at rest. The experience of many climbers is the con¬ 
trary ; mountain-sickness may occur quite suddenly 
during an ascent. There are members of the Alpine 
Club who have never reached the summit of Mont 
Blanc even after repeated attempts ; a limit of 13,000 feet 
on this mountain cannot be passed without exceeding 
distress. The same individuals can, however, reach the 
summit of Monte Rosa, That there is really a deficiency 
of carbonic acid in the blood at great heights is most 
difficult of proof. Prof. Mosso refers to the analyses of 
the blood-gases made by Fraenkel and Geppert in 1883, 
and though these may show a slight decrease in the 
amounts of the carbonic acid, the differences are almost 
within the limits of experimental error. There is no 
fixed figure which decisively gives the actual amount of 
this gas in the blood. At the sea-level the amount of 
carbonic acid in arterial blood of the same species of 
animal may vary from 42'63 to 23'9 per cent, or from 
53'4 to 23'3 per cent. If Prof. Mosso uses selected cases 
from Fraenkel and Geppert’s tables in order to strengthen 
his position, it may be pointed out that their analyses 
show that with a rarefied atmosphere corresponding to 
23,000 feet, the blood may actually contain more carbonic 
acid than at the sea-level. Even if it could be shown by 
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during starvation. 

In the experiment on p. 298, where it is shown that 
the effects of diminished pressure may be counteracted 
by administration of air with 167 per cent, of carbonic 
acid, there would appear to be an error, for if the gas- 
mixture was made as is described, the original air of the 
laboratory must have contained 8 per cent, of carbonic 
acid. As to the action of this gas on the organism, 
according to Prof. Mosso’s experiments, it essentially 
produces a slackening of the cardiac movements, which 
is seen not at the sea-level, but when the organism is 
subjected to the action of rarefied air. It may be ad¬ 
mitted that there is a prompt reaction to a slight increase 
of carbonic acid in inspired air, and comparatively none 
to the same proportional diminution of oxygen, but since 
it is not possible to show that a slight excess or diminu¬ 
tion of oxygen in inspired air is followed by any excess 
or diminution of this gas in the blood, it is probable that 
the effect of an increase of carbonic acid in inspired air 
acts in a reflex manner, and not by an action on some 
part of the central nervous system after it has been 
absorbed by the blood. That definite constriction of 
the bronchioles occurs as the result of a reflex action 
after the inhalation of small percentages of carbonic 
acid is a well-established fact, and there is every prob¬ 
ability, or at any rate the possibility, which Prof. Mosso 
does not discuss, that an increased percentage of carbonic 
acid acts in a similar way. In the pneumatic chamber 
Prof. Mosso has succeeded in withstanding a rarefaction 
of the air when the barometer stood at 192 mm, This 
corresponds to an altitude of 37,862 feet. At the com¬ 
mencement of the experiment the pressure was 742 mm. 
After about an hour, when the pressure is 292 mm., 
oxygen is inhaled by allowing about 100 litres of the gas 
to enter the pneumatic chamber. The pulse rate has 
fallen below the normal, the heart beats 64 per minute, 
and the rate of respiratory rhythm is 19. Half an hour 
later, at a pressure of 192 mm, the pulse is 84 and 
respiration 18. The oxygen percentage by weight in the 
chamber at 292 mm. was 8'4 5 before oxygen was allowed 
to flow in, and 8'i4 parts by weight when the pressure 
had fallen to 192 mm. The air of the chamber now 
contained 2'i per cent, of carbonic acid, but contained 
only - 8 per cent, of this gas when the pressure was 
292 mm. Prof. Mosso’s interpretation of this interesting 
experiment is that he sustained a diminution of pressure 
from 292 to 192 mm., on account of the presence of this 
2'1 per cent, of carbonic acid. Though he admits that 
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oxygen has a distinctly beneficial action in reducing the 
frequency of the heart-beats, he considers that the in¬ 
creased percentage of carbonic acid in the inspired air 
prevented asphyxia, or using his own term acapnia , a 
condition which can be set aside by a high percentage of 
carbonic acid, since the barometric depression acts in a 
mechanical and physical manner by drawing this gas out 
of the blood. It may be pointed out that it is evident that 
Prof. Mosso’s experiment might well bear another explan¬ 
ation, for it does not show more than that the respiration of 
an atmosphere containing 8‘4 per cent of oxygen is suffi¬ 
cient for the needs of a man during a short period. Diminu¬ 
tion of the carbonic acid of the blood, and a paralysis of 
the terminations of the vagi nerves will, according to 
Prof. Mosso, account for the headache, dizziness, vomiting, 
and other symptoms which are noticeable in mountain- 
sickness, whether this is met with in a slow or an acute 
form. Vomiting is undoubtedly a frequent symptom) 
but that this is caused by paralysis of the vagi nerves is 
not in complete accord with experimental evidence. The 
ease or difficulty with which this act is accomplished 
varies in different animals, and it is found that severing 
the vagi produces Variable results ; vomiting may occur, 
but often does not, and further vomiting is asserted not 
to occur at all after section of these nerves. Some 
physiologists, such as Bernstein, distinctly state that the 
vagus plays no essential part in the nervous mechanism 
which is concerned in vomiting. Onp. 258 the distress 
of angina pectoris is regarded as-resembling the distress 
of mountain-sickness. This appears to be hardly the 
case ; certainly vomiting is not, as Prof Mosso distinctly 
states it is, a characteristic symptom of angina pectoris. 

No doubt Prof. Mosso may adduce some additional 
evidence in support of his views. Most physiologists 
attribute the excitation of nerve centres rather to the 
lack of oxygen than to the presence of carbonic acid. 
We must expect analyses of the blood gases to be given, 
which shall definitely show that a diminished barometric 
pressure is associated with a constant diminution of 
carbonic acid in the blood, and, further, it must be shown 
that an atmosphere with increased percentages of carbonic 
acid causes the blood to take up and retain this gas, 
before it can be admitted that Prof. Mosso’s theory of 
acapnia has solved the problem of mountain-sickness. 

In “ The Annals of Mont Blanc,” by C. E. Mathews, a 
volume which is beautifully printed, and contains ex¬ 
cellent illustrations, an historical account of the ascents 
of this mountain is given. In this work an attempt is 
made to rehabilitate the reputation of Dr. Paccard, who 
made the first ascent with Balmat. The rival merits of 
these two pioneers is discussed, and the hope expressed 
that tardy justice may yet be made to Dr. Paccard. 
A very graphic and interesting account is given of 
the caravan of about forty people which started off 
in 1851 with Albert Smith, whose subsequent entertain¬ 
ment with Beverley’s panorama at the Egyptian Hall 
may, in a sense, be considered to have introduced the 
beauties of the Chamonix valley to the attention of 
Englishmen. It is said that every one climbs Mont Blanc 
now ; men have climbed it without guides ; women have 
climbed it ; blind men have reached the summit. With 
two observatories close to the summit, those of Vallot 
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and Janssen, the mountain may almost be regarded as 
having become inhabited. The chapter on the geology 
of Mont Blanc is contributed by Prof. T. G. Bonney. 
The volume also contains a bibliography of Mont Blanc, 
and an appendix with good facsimiles of the “ Glacieres 
in Savoy,” published in 1744. G. A. B. 


GERMAN CHINA—TWO BOOKS ON 
SHANTUNG. 

Schantung unci seine Emgangspforte Kiautschou. Von 
Ferdinand Freiherr von Richthofen. Mit 3 grossen 
Karten ausser Text. Pp. xxviii + 324. (Berlin : 
Dietrich Reimer (Ernst Vohsen), 1898.) 

Schantung und Deutsch-China. Von Kiautschou ins 
Heilige Land von China und von Jangtsekiang nach 
Peking im Jahre 1898. Von Ernst von Hesse 
Wartegg. Pp. viii-t-294. (Leipzig: J. J. Weber, 
1898.) 

ROM the period of the Jesuit missionaries of the 
seventeenth century until the present year the 
bibliography of the Chinese province of Shantung could 
be printed in a dozen lines ; but in the immediate 
future a flood of Shantung literature will form a con¬ 
spicuous part of the impending deluge of books on 
China. The beginning is before us in these richly 
illustrated volumes, one the work of the most thorough 
scientific explorer who ever visited China, the other the 
impressions of a champion globe-trptter. Both books 
owe their appearance to the lease of Kiauchou Bay 
recently acquired by the German government, along 
with extensive rights for the development of the Shan¬ 
tung peninsula. The two prefaces are characteristically 
in contrast. Baron von Richthofen cautions his readers 
as to the extreme paucity of trustworthy information, 
and details the sources whence it can be obtained. The 
Chevalier von Hesse Wartegg explains that he hastily 
resolved to see this province for himself, and claims to 
have visited every place and seen everything in it of any 
interest whatever to the German public, and all in an 
amazingly short space of time. The books themselves 
amplify the contrast. Baron von Richthofen gives an 
account of his leisurely journey of thirty years ago with 
the valuable maps which he constructed, and a solid 
description of the physical structure and economic le- 
sources of the province, which, while it will certainly 
soon be greatly added to by practical explorers, cannot 
easily be superseded. Von Hesse Wartegg recounts 
his travels in a gossipy manner, interspersed with notes 
on the country and people, and copiously illustrated with 
a wealth of photographs, facsimiles of Chinese proclam¬ 
ations, visiting cards, official stamps and such interest¬ 
ing trifles. He caught the new German territory at the 
beginning, and describes that beginning with an elabor¬ 
ation of detail which should not weary the patriotic 
German reader. The rapidity of the journey necessarily 
detracts from the permanent value of the descriptions of 
the various towns and places visited, and the work must 
be looked upon as a sort of “Christmas number” 
amongst books of travel. 

Baron von Richthofen’s book merits some further 
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